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SUPPORTING INFORMATION
ChelpG: +0.13 e). NBO is known to produce larger charge polarization than ChelpG. The
ChelpG charges are based on the external potential while the NBO charges are based on the electron density close to the atomic center. Thus, conceptually, the NBO method represents changes close to the nucleus, and thus, is expected to better reflect the core level orbitals probed by XPS. Nevertheless, charge analysis models should be considered as qualitative rather than quantitative; notably, in our analysis here, the two methods are qualitatively consistent. A visual representation NBO charges are depicted in Figure S7 , where atoms are color coded on a scale from bright blue for negative through white (for neutral) to bright red for positive charge. Figure S4 . 
Discussion of the NBO vs. the ChelpG charge analysis methods.
While the results of the NBO and ChelpG analysis are both termed "charges" they report on different aspects of the electronic structure. The NBO method identifies the localized electron density at atomic sites. The ChelpG method, in contrast, is based on the electrostatic potential (ESP) far from the atoms (evaluated beyond the van der Waals radius). While fitted trends may show a good correlation with both NBO and ChelpG there are concerns with the ChelpG charges which lead us to focus primarily on the NBO charges.
There are three reasons why the ChelpG charges have not been the focus of attention:
concerns with the physical underpinning of the ChelpG analysis, concerns that charges are unreliable for buried atoms using the ChelpG analysis and concerns regarding the conformer dependence of ChelpG charges. Each of these is discussed further below.
Concerns with the physical underpinning of the ChelpG analysis
The charge obtained from fitting an ESP close to atomic centers is unreliable, this is why the ESP data points are taken from beyond the van der Waals radii of the atoms. However, the XPS technique employed here is probing the core orbitals of an atom. Thus, the influence of these states on the ESP is strongly shielded. The NBO method is a localized method, which explicitly includes core electron density. Thus, while fitted trends may show a good correlation with both NBO and ChelpG there is a more robust physical basis for the correlation of the NBO charges with the experimental data.
Concerns with the "buried atom" conformation of the ChelpG analysis
Based on previous studies comparing XPS spectra to ChelpG charges, significant conformer dependence was determined for conformers with the charge-bearing atom buried or exposed within an IL ion-pair. In the documented case, a S atom showed a conformer-based charge variation of 0.5e. [1] The NBO charges were established as more reliable in this conformer (with the buried O atom) cannot be considered as reliable, weakening the possibility that the lower charge is physically reasonable.
A choice made on which conformers to focus upon in the analysis
The NBO and ChelpG charges for the lowest energy conformers of N-O-Me oxygen (-0.35 e, -0.28 e) vs. those for N-CH 2 -CH 2 -O-Me oxygen (-0.60 e, -0.32 e) exhibit a difference of (-0.25 e, -0.04 e). However, we do not believe this is the best comparison to make. To extend the ion gas phase calculations, a continuum solvation model for ILs introduced by
Bernales and co-workers, that is, the so-called "generic ionic liquid solvation model based on density" (GIL-SMD), [1] has been employed. Each of the gas-phase optimized cations discussed above has been placed into the continuum medium and evaluated. Where Moreover, gas-phase calculations were carried out on isolated cation- [PF 6 ] -ion pairs for all three imidazolium cations. The lowest energy cation conformers with [PF 6 ] − placed in the front and top positions (known lowest energy conformers for imidazolium based ILs) have been sampled. Typically, the larger and more diffuse the anion, the more pronounced the preference for the anion-pi "top" conformer over the H-bonding "front in-plane" interaction.
For each cation investigated here, [PF 6 ] − was found to be unstable in the front position, and the ion-pair structures optimized to [PF 6 ] − in a top position. Final low-energy structures are depicted in Figure S8 . ]. Color scale is bright red (+0.6 e) through white to bright blue (-0.6 e).
The NBO (ChelpG) charges on the oxygen atoms for the gas-phase, GIL-SMD, and explicit ion-pair calculations are given in 
